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ABSTRACT 



The invention is related to petrochemistry and is useful 
in the process of combined production of phenol and 
acetone by the cumene method. The method is a two 
stage process which minimizes waste water volume, 
diminishes equipment corrosion and minimizes con- 
sumption of cumene. In the fu^t stage, the phenol tar is 
treated with a 2-5% water solution of a water soluble 
amine at a ratio of 1:1.5-1:4.0 to produce tWo layers, 
water and organic. At the second stage the water layer 
from the first stage is thermotreated. As a result, water 
soluble amino phenate decomposes to amine and phe- 
nol. Gaseous amine is removed from the system and 
then recycled to the first stage. The phenol water solu- 
tion obtained from the thennotrcatment is extracted by 
standard exuaction agents (e.g. diisopropylether, cu- 
mene). 

The water layer from the phenol extraction is about 
50-95% of the original water solution employed in the 
first stage and is then saturated with the amine and 
recycled to the first stage. 

10 Qaims, 1 Drawing Sheet 
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Averace comDOsition of phenol tar 


Component 


ContenU wt % ' 


PNL 


10.11 


AP 


16.35 


DMPC 


8.23 


Dimcrs 


31.99 


CP 


24.13 


Total non-identified products 


8.11 


Salt 


1.08 
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treatment of the water layer with a solution of strong 
METHOD OF PHENOL EXTRACTION FROM mineral acid to neutralize the water layer followed by 
PHENOL TAR the separation of the layers. Disadvantages of thiis 

method are the large volume of chemically polluted 
This invention is related to the field of petrochemical 5 waste waters and equipment corrosion, 
technology, namely, to the production of phenol and 

acetone by the cumene method. SUMMARY OF THE INVENTION 

In the process of producing phenol and acetone from The present invention separates pure phenol from 
cumene, high boiling by-products are formed, which phenol tars, using a liquid-liquid extraction obtaining 
arc usually called phenol tar. Phenol tar contains a great 10 phenol tar free of phenol, reducing the quantity of 
number of cbmponents: phenol ^NL), acetophenone waste water, reducing consumption of cumene and 
(AP), dimethyl phenyl carbinol (DMPC). dimers of avoiding the build up of salt in the phenol tar, 
alphamethylstyrcnc. cumylphenols (CP), non-identified jhe above mentioned results are reached by the fol- 
products and a small quantity of salt (Na2S04) (sec losing method. 

Tablet). The present method of phenol tar processing includes 

TABLE 1 , . - interaction of phenol tar with a water amine solution 

which when in contact with the tar forms an aminophe- 
nate, liberation of phenol by thermal decomposition of 
the aminophenate, and extraction of the phenol from 
the Water.solution followed by the sepi^ation of phenol 
from the extracting agents. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simplified process flow chart of the pro- 
cess of the present invention. 

It is estimated that at least 60.000 metric tons of phe- DETAILED DESCRIPTION OF THE 

nol tar are produced each year from a world class su- INVENTION 
mene method plant. Phenol tar has not been found use- ^ ^ t. 

ful as a chemical feed stream and is mainly used as fuel 30 J^^^^^^ ^^S^ of the proce^ is the treatment of ^e 
oil. Nevertheless, at the moment, with the concern for P^^'^^^ ^ ^'^^ prcf^ably 2-5%, 

environmental cleanup, use of phenol tar as fuel oil is ^^*?5"^ water soluble amm^ A typical such 

limited and. as a result, it has no commercial value. ^^^^^ ^ formula NR3 wherem each 

Difficulties during phenol tar incineration are caused ^Jl independently alkyl or hydrogen, preferably alkyl 
primarily by the presence of phenol in the tar. In addi- 35 ^^9^ ^^^^ hydrogen, and 

tion, phenol tar contains up to 8 wt % of phenol which preferably hydrogen. Examples of amines useful in 

increases the phenol losses in the cumene method and the present invention are ammonia, methyl amine, ethyl 
accordingly increases the consumption of cumene to amine, propyl amine, dimethylamine, diethyl amine, 
make phenol. dipropyl amine, trimethyl amine, triethyl amine, tripro- 

Distillation of the tar does not produce phenol of the 40 Py^. methyl ethyl amine. The phenate formed 

necessary purity to be of commercial use. Therefore, if ^ transferred to the water phase. The phenol tar puri- 
the phenol could be efficiently extracted from the phe- ^i^d by this method can be processed to extract pure 
nol tar valuable phenol could be recovered, cumene acetophcnone. sent to catalytic decomposition, or to 
losses would be reduced and waste disposal would be incineration. 

mmimized. 45 In the second stage of the process, aminophenate 

There is a known method for extraction of phenol undergoes thermal decomposition. The amine formed is 
from the light oily fraction of those products obtained recycled and the phenol containing water solution goes 
from the dry distillation of coal. This method extracts to extraction performed in the usual way. Suitable ex- 
the phenol with a water solution of methanol or with tracting agents include ethers, hydrocarbons and cu- 
water alone. Disadvantage of this method are: large 50 mehe. After extraction 30-98 volume %, preferably 
dimensions of the extraction unit, the need to readily 50-95% of the water solution is contacted with a water 
control the conditions of the processes, temperature of soluble amine to give the appropriate water amine solu- 
160* C. and a pressure of 2MPa, and the inability to tion and the resulting solution is then recycled for 
recover high purity phenol. contact with additional phenol tar. 

Another known method of extraction of phenol from 55 The distinctive features of the present methbd are 
organic niixtures employs the treatment fint by an alka- that the alkaline agent is an amine solution at a volume 
line solution followed by an acid treatment and then ratio of phenol tar/water amine solution equal to 1:1-8, 
extracting by decanting. Disadvantages of this method preferably 1:1.5-4; that the phenol is recovered by the 
are mainly large quantities of waste water and high thermal decomposition of aminophenate and that 30 to 
corrosion of equipnient £0 98% of the volume of water is recycled after phenol 

Separation of pure phenol from phenol tar by rectifi- extraction back to the first state of the phenol tar extrac- 
cation where the tar has a relatively low content of tion process. 

phenol compared with acetophcnone is restricted by To realize the method according to suggested inven- 
the presence of an azeotrope with a boiling point maxi- tion water solutions of a water soluble amine of 1 to 
mum for the phenol-acetophenone mixture. StUl an- 6S 10% are used. Lowering the amine concentration below 
other known method of phenol extraction, in particular 1%, leads to increase of reaction volumes and increase 
paracumylphenol, from phenol tar is by the treatment of of concentration above 10% worsens the separation 
the tar by an alkaline water solution followed by further between water and organic phases. 
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With an increase of recycle over 98%, the degree of The present invention is further illustrated by the 

salt extraction decreases. Lowering the recycle below following non-limiting examples, 

30% increases the quantity of water included in the ^ 

process. EXAMPLE! 

Advantages of the present method over known roeth- S 30 g of phenol tar is mixed with 45 ml of a 3% solu- 

ods include the following: tion of ammonia (ratio phenol tar/water =1:1. 5). Stir- 

1. The present method practically substantially re- ring is performed for 1 hour. After stirring, the mixture 
duces consumption of reagents (minimum consumption i$ allowed to stand for 45 niins in a separating funnel, 
is determined only by technological losses). After that period of time, the organic layer is separated 

2. In the process performed by the present method 10 from the tluree water layer. This operation is performed 
the quantity of waste water is reduced, two more times. The water layers are combined after 

3. As acids are not present, corrosion of equipment is the washing and boiled for 4 hours in a round bottom 
o*""™^* flask under reflux for decomposition of ammonium 

4. No emulsions are formed during the stages of the phenate to phenol and anmionia. The ammonia obtained 
process. 15 afler decomposition is used for further washings. From 

FIG. 1 sets forth a flow diagram of an illustrative the water layer after cooling phenol is extracted with 
embodiment of the process of the present invention. In diisopropylether and later the phenol is separated by 
this invention a phenol tar stream (1) enters the upper distiUation from the extraction agents. 50% of the water 
portion of an extractor (2) which typically may be a obtained from the phenol extraction is used again for 
counter current distillation column and may contain a 20 phenol extraction from phenol tar. The experimental 
suitable packing or trays and downcomers. Other suit- results are given in Table 2. 
able vessels may be employed to carry out this extrac- 
tion since the design of the extractor is not critical to the EXAMPLE 2 
present invention. An aqueous amine stream (3) enters This experiment is performed in the same way as 
the lower portion of the extractor (2), The phenol tar 25 described in Example 1, the difference being that the 
undergoes treatment by the amine from the aqueous phenol tar/water ratio is 1 to 4 and 95% of the water 
amme stream to form ammophenate. This treatment obtained, after extraction of phenol is recycled. The 
stage IS referenced previously as the first stage of the results of this experiment are given in Table 2. 
process. The aminophenate stream (4) exits the top The present process allows the separation of up to 
portion of the extractor (2) and a tar stream (5) from 30 s5% of phenol contained in phenol tar and lowers the 
which phenol has been removed exits the bottom por- salt content by ahnost three orders of magnitude which 
tion of the extractor (2) and is disposed of efficiently as improves the quality of the remaining phenol tar. 
waste, is employed for a suitable use for heavy tars or is One distinctive feature of the invention is the range of 
extracted to remove contained acctophenone. ratios of phenol tar/water ammonia solution of 1/1-i, 

The ammophenate stream (4) enters a thermal decom- 35 preferably 1/1.5-1/5.4. The increase of this ratio leads 

posing vessel (6). The vessel may be of any suitable totheincreaseof reaction volume and some decrease of 

configuration for raising the temperature of the the extracted phenol quantity. Lowering this ratio 

aminophenate above the decomposition temperature of below 1 leads to a poorer separation of water and or- 

ammophenate to produce the water soluble amine and ga„ic phase and the potential for emulsion formation, 

phenol. This decomposition is a well known chemical 40 Another distinctive feature of this method is the recy- 

reaction which proceeds without a catalyst but may cle of 50 to 95% of the water obtained from the second 

employ a smtable catalyst to promote decomposition of stage phenol extraction to the fu^t stage contact with 

the ammophenate at a lower temperature as is taught in phenol tar after preliminary saturation by ammonia, 
the prior art. An amine stream (7) exits the top portion 

of the vessel and may be used as a raw material in a 45 TABLE 2 

different process or, preferably, to be employed in mak- 
ing up the aqueous amine stream (3). The remaining 
impure phenol/Water stream (8) exits the decomposer 
(6) and enters a hold tank (9) or bypasses the hold tank 
(9) and directly enters a phenol extractor (10). A stream 50 
of a suitable solvent (11), which may employ any suit- 
able solvent for extraction of phenol from water in the 
phenol extractor (10), enters the phenol extractor (10). 
Preferred solvents are diisopropylether, cumene as well 
as other known hydrocarbon or ether solvents for phe- 55 

nol. Selection of the solvent will primarily depend on What is claimed as the present invention is: 

economic availability at the site of the process of this 1. A method of extracting phenol from the phenol tar 

invention. A water stream (12) is recovered from the byproduct of a process for producing phenol from cu- 

phenol extractor (10) and returned to make up the aque- mene which comprises 

ous water soluble amine stream (3), sent to another use 60 a) preparing an amine water solution, 

or disposed of as a waste. The phenol/solvent stream b) contacting the phenol tar with the amine water 

(14) exits the phenol extractor (10) for separation of the solution to form aminophenate in the water solu- 

phenol from the solvent or for use as raw material. If the tion, 

solvent is separated from the phenol, the solvent may be c) heating the water solution of amino phenate to 

recycled to solvent stream (11). The decomposition of 65 decompose the aminophenate into amine and phe- 

aminophenate and the extraction of phenol from the nol. 

impure phenol/water stream is previously referenced as , 2. The method of claim 1 wherein the amine water 

the second stage of the process. solution is prepared by dissolving the amine in water. 
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Phenol extraction from phenol tar 
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Phenol extraction with 
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dusopropylether after decomposition 
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3. The method of daim 2 wherein the phenol is sepa- 
rated from the water and the water thus obtained is used 
to prepare the amine water solution. 

4. TTie method of claim 1 wherein the volume ratio of 
phenol tar to amine in the water amine solution is from 
about 1 to 1 to about 1 to 8. . 

5. The naethod of claim 1 wherein the water amine 
solution comprises from about 1 weight percent amine 
to about 10 weight percent amine. 

6. The method of claim 1 wherein the phenol is sepa- 
rated from the water, a portion of the water is saturated 



10 



with the amine and the phenol tar is contacted with the 
water amine solution. 

7. The method of claim 6 wherein the portion of 
water is from about 30 to about 98% of the water from 
which phenol is separated. 

8. The method of claim 1 wherein the amine is of the 
formula NR3 wherein R is alkyl or hydrogen. 

9. The method of claim 8 wherein R is hydrogen. 

10. The method of claim 3 wherein the amine is am- 
monia. 
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